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SUMKABT 



An Investigation haa "been made In the LMAL 7— "by 
10— foot tunnel of rarloue modifications of a 0,166— chord 
blunt— nose aileron on a semlspan model of the tapered 
wing of a fighter airplane. !Ehe modlf Icatlona considered 
Included various amounts of overhanging nose "balance with 
various nose radii. The effects of the vertical location 
of the aileron hinge axis were determined for one balance 
size and the effects of the gap at the aileron nose were 
determined for all the modifications. Fealc pressures were 
determined over the nose portions of some of the ailerons. 

The stick forces and the rates of roll were estimated 
for a fighter airplane with plain sealed ailerons and with 
some of the blunt— nose ailerons. 

The results of the tests and computations indicated 
that, for the arrangement tested, the use of blunt— nose 
ailerons with 40— percent balance would reduce the high- 
speed stick forces to a very small value. The adverse 
effects of a gap at the aileron nose tended to decrease as 
the chord of the balance was increased. The effects of 
the vertical location of the hinge for the aileron with 
40— percent balance were small. The effects of Increasing 
the nose radii on the blunt— nose ailerons was, in general, 
to Increase the negative slope of the curves of hinge- 
moment plotted against aileron deflection, to decrease the 
rolling— moment coefficients at small aileron deflections, 
to Increase the rolling— moment coefficients at large ai- 
leron deflections, to increase the effective deflection 
range of the aileron, and to decrease the magnitude of 
the peak pressures over the aileron nose. 

The magnitude of the peak pressures indicates that 
severe compressibility effects would probably be encoun- 
tered if the ailerons were deflected ±15° while the air- 
plane was flying at a moderately high speed. Accordingly, 
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it appears that "blunt— nose ailerons should Toe tested, at 
Hach numbers cons Ider alily higher than the Haoh numher of 
the test data herein, presented hefore helng considered 
for use on high— speed airplanes. 



INIEODUOTIO? 



Because of the Increased Importance of obtaining 
adequate lateral control vlth reasonable stlclc forces 
for hlgh^-speed airplanes under all flight conditions, 
the NAOA has engaged In an extensive program of lateral- 
control research. The purposes of this program are to 
determine the characteristics of existing latjeral— control 
derlces, to determine the characteristics of modifica- 
tions to existing devices, and to develop new devices 
that show promise of being more satisfactory than those 
now In use. 

Investigations in two— dlmene ional flow (reference 1 
to 4} have indicated that use of nose overhang (or bal- 
ance) offers a powerful means of adjusting control- 
surface hinge moments. !Dhe present tests were made to 
determine the characteristics of 0.155— chord ailerons 
with blunt— nose balances on a tapered wing model. The 
investigation included determination of the effects of 
balance chord, balance nose radii, nose gaps and seals, 
and vertical location of the aileron hinge axis on the 
characteristics of blunt— nose ailerons. The dynamic 
pressur es exist Ing over the nose portions of some of the 
ailerons at various deflections and angles of attack were 
also determined. 



APPABAIUS JlSH laSIHOSS 
lest Installation 



A semispan model of a tapered wing was suspended in 
the LHAL 7— by 10— foot tunnel (reference 5) as shown 
schematically in figure 1. The root chord of the model 
was adjacent to one of the vertical walls of the tunnel, 
which thereby served as a reflection plane. The flow 
over a semispan wing In this setup is essentially the 
same as It would be over half a complete symmetrically 
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loaded, wing Iz^ a' 7— "by SO— f oot, t3inzt,el.« JSo^Tpasit of the 
model vaa - f aet ened to 07 in contact . vlth. the tiip.nel vail 
and a small < sdnoun^ of clearance wap malntaiiied "between 
the root chord of the modjBl and the. .tunnel wall*. The..' 
model was auapended from' the balance frame., as shown' in' 
figure 1, In such a way that all the forces and momenta 
acting on It could be determined. Prorlsion. was made 
for changing the angle of. attack while the tunnel was in 
operation. 

- She aller-on,:def leot ions and hinge moments, wei^e de- 
termined "by means of a calibrated torque rod and linkage 
system developed espeo.lally for thl'a type of setup (fig. S). 
Ihe aileron was deflected "by turning the hinge— moment dial 
which, through the -torque rodi^ drove the aileron— deflect Ion 
-drive tube and the link to .the aileron horn. Vhen the de- 
sired aileron -deflect Ion had been attained, 'the torque rod 
was clampad In position In-order that all wing forces and 
moments oduld bo detevmlned without any Interference from 
the operator of the hinge— moment unit. Ihe aileron deflec- 
tion was determined by the reading of the aileron— deflec- 
tion dial with respect to the pointer attached to the . 
angle— of— attack drive tube. The aileron hinge moments were 
determined from- the twist of the torque rod as Indicated 

by the reading of the hinge— moment dial with respect to 
the pointer mentioned. The torque rod was calibrated 
after it was installed in the. test setup. 

-Pressures over the nose portions of some pf the ai- 
lerons were measured by means of stat Ic— pressure tubes 
located at several ohordwise -posit ions ' for each of two' 
spanwlse locatlon-s (section A and section B of fig. S). 
-Ihe tu'bes were about - 0 . 020— .inch outside diameter and were 
held in position- with the tube oen.ter line at a distance 
of about 0.-09 Inch from- the surface oS the aileron'. Ihe 
t otal' pressure of t.he air . stream, .was.- measured by a total— 
presalire t.ube p-laced .abo-at a foot ' 'below, the mod.el .and 
about 4, Inches ahe-ad- of. t:hes-model suppbrt— strut fairing. 

^Hodels - 

- She tapeered-rwlng .model used In these tests was built 
to the plan f orm' eho'wrL In figure 3 'elhd 're^S-'oSehts the 
'dross— haitched -purt-l oil' -b"f the ■alrplaiie In figure -4 -. -She 
basid dlrforll sept-ionii- were of the.^fAOA ?R.O s.eries tapered 
'in thickness fi:om .aSPX-o-zimat ely :-16^ percent at the :root 
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to Bi percent at the tip. The basic chord of the 

wing model was Increaeed 0.8 inch. to reduce the tralllni^ 
edge thickness and the last few atatlone were ref aired to 
give a smooth contour. Ordlnates for the extended and 
refalred sections are given in tahle Z. 

IThe slotted flap was built to the ordlnates given in 
table ZI and had a chord of about 20.7 percent of the 
wing chord. She flap ordlnates are given for- the root 
and tip sections although only the portion of the flap ex- 
tending from the root station to the SS.S— inch station was 
used for these tests. She slot shapes and flap pivot 
points are also given in table ZZ. 

Zn figure 5 the details are given for the various 
0.155c by 0.405b/3 ailerons, whore o is the wing chord 
at any span-wise station and b is twice the span of the 
semispan modol. fiemovable aileron— nose blocks and wing- 
tail blocks woro provided in order that the aileron bal— 
aiice.| gap, and hinge— axis location could be varied. One 
n'ose block was built for each amount of^ balance. The nose 
radii were varied by reshaping the nose blocks after the 
tests of a given set of nose radii had been completed. 
Provision was iaade for minimum, 30— percent, and 40-percent 
balances. 

Only one liinge— axis location and nooe shape was tested 
for the minimum— balance (plain) aileron.' The 'hinge axis 
Was located on the aileron mean line, and the aileron nose 
at ajiy spanwlse station was a circular arc t&ngent to the 
upper and lower surfaces of the aileron with its odnter at 
the hinge axis. The 30— per c^nt— balance nose block was de- 
signed in such a manner that the aileron mean. line unported 
above the airfoil surface at all points along th& aileron 
span for very nearly the same aileron deflection. The wing 
model tapers In percent thickness and therefore it was 
necessary to vary the percent balance along the aileron 
span in order to meet the condition Just stated. Tor the 
aileron with 30— percent balance the balance chord at any 
spanwlse station was fixed by the condition that has been 
specified and by the additional condition that the balance ' 
root— mean— Square chord "5^^ must equal 30 percent of the 

aileron root— mean— square chord Ca. The aileron with 30- 
percent balance will be called the 0. 3 Ocq,— balance aileron. 

The aileron with 40— percent balance was designed in a 
similar manner and will be called the 0.401S a— balance aileron. 
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The three nose radii test ed on the O.SOfSjQ,— and the 

0.4070,— hal an oe ailerons were seleo'ted In 'th.b following 

manner: Vhen tUe* .ojsnt-er of. curvature was located on the 
aileron m^an line* the radii that 'would deeor the oontilnu— 
otiB .e-ir-oular- arcs .te^ngent to the upper and lower surfaces 
of the aileron w'e'te designated medli;Lm r84dl. . Small radii 
were taken as one— half the medium radii and large radLl 
were' taJcdn -Ks one and one—half times the medium radii. 

Provision was made for two hinge— axis locations and 
two gaps for the 0.40'Sg^— balance aileron. .. A separate wing- 
tall- hi oclc was- constructed for each gap and for each posi- 
tion of the hinge axis, Xhe two positions' of the hinge 
axis were at the mean line and at a l-o'cdtlon 80 percent 
of the aileron semithloknesB t below the mean line. 

Zest Conditions 

All the tests were made at a dynamic pressure of 
9.21 pounds per square foot, which corresponds to a 
velocity of about 60 miles per hour and to a test Heynolds 
number- of a^Jiout 1,540,000 b^ised on a mean aerodynamic 
chord of 33*56 inches of the model wing-. The effective 
Reynolda number of the tosts was about 2,460,000 based on 
a turbulence factor of 1.6 for the LUAL 7- by 10— foot 
tunnel. She present tosts wore made at low scale, low 
velocity, and high turbulence rolatlvo to tho flight con- 
ditions to which the rosults are applied. Iho effects of 
these variables were not determined or estimated, 

SESULIS ANS' DISCUSS lOV 

Coefficients and Ccrr'eotlons 

The symbols' used in the- presentation- of the results 
are . . 

Oj, lift ooBffJLolBnt (L/<ijjS.) 

Od uncorrected drag aoefflcient .(^/^.g^) 

pit ohlng-moment coefficient --(K/qQSci ) 
Cj* rolling-moment coefficient (Xi'/q.o^^) 



uncorrected model rollln^uoaent oo'9f£ieilent 
■ , ClI„/4oS>.) ., .... ... 

.^avlng-aoiaenti cQefflclant (If ' /q.o^.^) 

alloron hluge—aoaont doef f lolent (-S/cLo^a^a^^ 

of up ' £ilier on minus of down aileron 

AOtualL vlng -cliord at any bs an T/lse 'location ■ - 

chord qf .'basic ^Ir f oil Be'ctlon at- any spanwlae 
location ^ ■ 

Bean aerodynamic chord 

aileron chord neasured along airfoil chord lino 
from hingo axle of aileron to trailing edge 
of airfoil 

r oot— mean— qquarg chord of ail er an 

, . . - ' ■ 

aileron balance chord moasurod al^ng airfoil' 
chord line fron 'balanca. noso to-alLoron 
hingg. H3clB - 

* . ' ' . ' - ■ 

r oot— mean— aqufir e chord of-, aileron balance' 

aileron— balance- ratio 

tvlce span of' b em l«pan- model 

aileron Bpan... 

twice area- of seniapan model 
BeaithlckneBB of aileron at hinge axis 
tv/lce lift on semlspan model 
twice drag on sem'ispan model 

twl6e'.pl't^]jin£':moment of B<dmiaptin Bba.el about- 
Bupport axlB 
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L*. - rollln^-moinsiit-f ..duB to, aileron Aef leqtlpn, . a'bout.: 
vlndL axis In plane of symmetry 

L*m iuicorre,«t>ed rolling mpaient,, due 'to. 'a~ller-on dia^leo—V 
tlon, about 'wind' isixiB In .plane of symmetry 

]7' . yavlng moment ,' due to aileron defleetlpni about' .' 
. ' .- vl&d axis In pla^jne of Bymmetr'y'! - 

H aileron liliige mjoment 

4 local dynamic preseure ^gP^-^^ . 

qg dynamic preeaure. of air ' stream, ' uncorrected f6r 
blocking 



^max maximum local dynamic pressure 

V local- velocity 

7q free— stream reloci-ty 

Y± indieatod veij-ocity 

a euigle of attack 

■ ^ . _ 

8a aileron deflection relatlTe't o wing, positive wben 
trailing edge is down 

8f Blotted flap deflection relative to wing, positive 
vhen trailing' edge is down 

6b oontrol— stick deflestion 

Oi* rate of change of rolling-moment coefficient 

P .C'l* with helix angle ph/27 

p rata of roll 
Tg stick force. 



A positive value of L* or C;* corresponds to an 
increase in lift of the model and a .positive value of IT* 
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or On* corr espond,B .-t 0 a decreaae in -drag of tbe model. 

!Cwlce the actual lift, drag, pitching moment, area, and 
span of the model were used In the reduction of the re- 
sults hecause the model, represented half a complete vlng. 

She angle of attack, -'the drag coefficient, the 
rollln-g--momaiit. coefficient, aJ^d. the yavlng— moment coef- 
ficient have heen c6freoted for the effect of the tunnel 
walls in accordance with the theory of trailing-vortex 
Images. She corrections applied to the rolling— and 
yavlng— moment coefficients account for the fact that the 
spanvlse loading induced hy aileron deflection on a semi- 
span wing with a reflect ion plane at the plane of symmetry 
is aomowhat different from the loading that v^ould he in- 
duced over a complete vlng with no reflection plane. iUhls 
statement Is made in an attempt to clarify statements In 
previous reports as to the corrj^ct ion.8 applied to lateral- 
control data from tests of the tapered— vlng model used 
and should not ho construed to mean that the corrections 
appllod to the data presented herein dlff er fTom- those, 
applied in previous lat oral- control tests of 0.155c hy 
OtAOSTs/Z ailerons on this wing model. To corrections have 
heen applledi to -the- lif t « the pit ching-moment , and the 
hlngenmoment coefficients, 'out computations indicate that 
•tlvese corrections v;ould he vory small. . ITo .corrections have 
he'en applied to any of .the .results for hlocking, for mis- 
allnement of the air. stream, for- the effects o.f the support 
strut, or for the treatment of the 'lnhoar.d end of the wing, 
that Is, the small gap hetween the root section of the wing 
and the wall, the leakage' through the suill. around the sup- 
port ttihe, and the houndary layer at the wall. These ef- 
fects are prohahly of second— order Importance for the 
rolling- and yawing-moment c'oef f Iclisnt'B' (whl<;h artf.hasi— 
cally Incremental data) hut may he more 'important for the 
other forces and moments, particularly for the drag coef- 
ficients. It is for this reason that "the drag coefficients 
are referred to as uncorrected. 

She' corTeo-t-lona. tha^t v;ere applied (hy addition) to 
the anf:le -af attack ( in deg) , the. dr a^^. caef f Iclent , the 
rolllns— moment coefficfent , and th,e yawing— mom-ent coeffi- 
cient were 

Aa = 1.30 Cj, 



AOd = 0.023 Oj,® 
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ACLi' = -0.15 Oi' 

. ; ■ ■.i-i"- " . ^ vT. .-. - r. - ■ o- '■: 

■- ■■ . J- t-.'.-- .1. ■ ■ • 

'(Jh&r'i&4«ez''l'fftlofl-- Vl-1»h Ailerons -]J6utr 

:. ■• .' A'^co^si^n-r-l&on; o£.'tbe llft>' &reig, ' aiiLd 'pl-&'(jli»^i^-moBient 
;e]iara6terl'<it:iua -^f t1t»'- ta$epedi-vl&£ model' e^tLlppeff- vltU 
plaiii ai/n-erj^'oits ktccl "blunt—no a e "bal^tlice ailerons fl3ce&'-'at 
itentral ifi' ekov^ t'n' ^f i^r d G. ■ - In -order to make the dem— 
-parlBon <f orr: t'^ia oa^e -In ' vhloh {h.e greatest poaslbie- ' 
■dSTlation mlglit "be «ix^ectdd to occur , ' the O.^CTCg-^'balance 

.blunt— node aliei^on, with large, nose . radii was selected* 
It la from .;thlel 'figure that' these eharaeterlst.lpa • 

agree reaSonalil^ veil for' the various aileron Inatalla— 
tlons;. fa^ this reaaoh, It.vaa not conaldered neceaaary 
to preaont data of thla type for each of the modlf lea— ' 
tlona tested In'-thla Inveatlgatldn. 



Plain Aileron 

She characteristics of. the plain • aileron . shown In 
figure 7, are presented primarily to provide a hase with 
• which ^ the - hlunt— nose— "balance ailerons - might he compared. 
.The most significant points to he noted from figure 7 are 
, the high negative slopes of the hinge— moment curves 
dOj^/djQ-Q for hoth sealed and unsealed ailerons and- the 

marked loss In rolling— moment coefficient caused hy an open 
gap at the aileron nose. 



■ Effect of ajype of Seal 

A}.though. th,e' grease seal seemed to. he satisfactory 
during, the tests , of, the plain aileron, great difficulty 
ya's' epcperlenVBed\i'n ^leasiirlng' the .hinge moments Of the.^' 
hal'qn'ced aller'o'n'a yhen thla type of' seal v.aa used. It; was 
fotind" during "tliB bourse of the Inve'stigat'lon that c'onalat— 
ent'reaulta could be o'btalned more eaally by replacing the 
greaae seal with a thin strip of rnbber dam, cemented at 
.th'is iiean' line ^'t> thp nose of the' aileron balance and to 
tlie'-Wlng. tall .block. iCbe longitudinal gaps, 0.0020 vide, 
between the wing an'd th'e ends of the balance werb left 
o^en for all tests.' Ihe testa that had already been made 
j'irl'th;- thb'-:greaa» 'serai' Vbra- not repe&ted with the rubber 
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Boali with the exception of a single test of a 0.40eBr 
1)alanoe aileron with nteditua nose radii at cm angle of 
attack of 13.3°. Jl comparison of the characteristics of 
the aileron with the two types of seal Is presented In 
figure 8. She principal differences to he noted are that , 
the negative slope of the hlnge-<moment curve Is smaller 
and the effectiveness at. positive aileron deflections Is 
slightly- larger for the grease seal. These differences 
are prohahly caused hy the fact that the grease. In addi- 
tion to sealing the gapi filled the space "between the 
wing and the aileron- nose , which may have prevented lat- 
eral flow along the leading edge of the aileron^ A.nd also 
gave a less abrupt change In contour at- that jpolnt.: She 
leas a'brupt change' In contour-, should cause a smoother 
flow over the aileron nose and thereby cause both the ai- 
leron and the balance to be more effectlvel' She Increase 
in balance effectiveness is 'edpeoially noticeable at; large 
negative aileron def leo-tiona; at ■ "8^ = —20° the hinge- 
moment coefficient's for the two types of seal are approxi- 
mately equal but opposite in sign* with the grease— seal 
results indicating the . larger- balance effectiveness. 

' 0.30^ a,— Balance Alleronq . ■ 

She characteristics of some of the modifi cat ions of 
the 0i-30"5a-balance "aileron are given in figures 9 to" 11. 

She characteristics of s^me a^d'it lonal..modlf Icatlons are 
pi^esented In figures l^.to 14, ■ which show -.the effect- of 
nose, radius-. ' ' ' 

At an angle of attack of 1.5° the. presence of the 

seal on the aileron with .smdill noWe radii decreased ths 
negative slope of the hinge— moment curve. dCj^/dS^- 
small deflections by. about 0.001 and- increased -the effec- 
tiveness' for 6.a f.^lS° by' about '14' percent .- ' >CSee flg.9.) 

At aih angle of attack ' of ' 14. i however, 'the'seal had 
little ef feot ..on the slojpe of the. h Inge-^mom en t.. curve at 
small deflections '-aUd. the unsealed aileron, was 'slightly 
ffl'ore effective th'dn 'the sealed a^li^roii* 

- '" ■ . . ■ ■ '■ , . . ; 

■ , XTelther' nose- radius , nor gap had. much effect on- the 
variation of, the hinge— moment coefficient with .angle - of - 
.attack... ^Sek.fte. 12.) . .7or.. all .the modifications - ' , -' 
dO]^/da is. very nearly zero .within the ran^e of a = —4°' to 
XI' a: ,4°- -but assumes a gradually Increasing negative value 
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as the -angle of attack la Inoreaeed ahove 4^, She value 

of - bO^/^xxr at a ".'^IS® - 1b -a'bout —0.005. ." ■ . ■ 

• 1l^he negative elope o£ tJie hlng»-a'o]nent curve dC^/BftQ 

Inoreaeea as the noae radii are Increased (figs'. 13 a,nd 14) 
for "both open and sealed gaps. Increasing the.noQe radii 
.docreased, the aileron effectiveness at small aileron de— 
f le'cf'ions' f or. the op'eA gap "but the ef feet ■ .vae-. negligible 
for the 'sealierd gap. ■ She- ailerons vlth the large nose radii 
maintain their effectiveness- over ■ a greater deflection 
range and therefore are usually the most effective and 
have the lowest hinge moments for values of Aa greetter 

than 15° or 20°. • 



0.40'o3^Baleace Ailerons with Mean Hinge Axes 

The charaoterlBtloB of some of the 0.40^q;— "balance 

ailerons having the hinge axis op the mean line are pre- 
sented In figures- 15 to 17. She characteristics of some 
additional modifications are presented in figures 18 to 
20, which show the effect of nose radius. 

Aa In the case of the 0. SC^q,— "balance ailerons, the 

variation of the hinge— moment coefficient with angle of 
attack does not seem to he appreciably affected by the 
nose radius (fig. IB)'. Vlth a gap of O.OOSo, however, 
dCjj^/da Is slightly positive for angles of attack less 

than 2°; whereas, with the gap sealed, dOj^/da Is about 

sero over the Bame range-. At a = 16°, . dCj^/da la about 

'-0.004 for all modifications. 

She tendency of the larger nose radii to cause higher 
negative alop^e of the hlnge-^moment curvea at 8^ 0.° 
la also apparent. for the 0.40*90,- balance ailerons, land 

■ 

again the effect of Increasing the nose radii was to de- 
crease the rolling-moment coefficients at small deflec- 
tions when the gap was open. Vlth small noae radii and 
0.005o' gapi the aileron wae overbalanced at an angle of 
attack of 0.1°. (See fig. 19Ca).) At aileron deflections 
of —16° and 8° both the hinge— moment— coeffl ol en t .and . . .. 
rolling— moment— coefficient curves break away qUlte rapid- 
ly when the small radii are used-, and high hinge momentB 
and low effectiveness can be expected beyond these limit b. 
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Bffaet of Xhe 0.40ca--'balance aileron having 

medluza nose iralll vas tested with- a gap . of Q.p026o as 
veU. as the usual O.COSc'and se.aled^apa. Vlgure'zi ■' 
shows that the characteristics of the aileron with the ' 
intermediate gap are- not unusual and lie ahout halfway 
hetween t.he characteristics with 0.005c gap- and those 
with sealed gap. . ■ - - 

The principal effects of gap on hinge— and rollin'g- 
moment .puranieters for the 0. 40*50,— balance aileron with 

medium nose radii may he. Judged from figure 21' and from, 
the following table: - ■ ' 



G-ap 


a 

J ^ ■ 


5Ch" , ■■■ 

- — • for 
^6a 


^Cj' for. 


Sealed 




-0. 0017 . 


C.0428 


.0P25.C 


J-C.l 


.-.0012 


' .04b7"' ■ 


.005e. 




-.0008- 


;o392: . 


Sealed 
. 0025c 
■. 005c- ' 


Jis'.'s 


-■Q.0047. 

-.0034 
, -.00B3. 


■ O.D4"05 
.0404 ■ 
.0409 



Doufflins the width . of the gap very nearly ■ douTjles its .ef 
feet on the slope of the hinge— mcment . curve at either. 
■ angle, of attack. The increment of rolling— moment coef- 
ficient produced- by aileron deflections of ±15° is quite 
noticeably decroa'sod. with. Incroaoin'g 'gap at this low angl 
of attack but shows practically no' c'han'ge' at the hlgh- 
anglo of attack. At the low 'fvnele of attack the effect 
of the -gap in decreasing the rolling— moment coofficlent 
appears to be aliQOst entire'ly-on the up aileron; at the 
high pngle of attack,' however, the reduction in effec— 
tlvoncss on the up aileron . is - counteracted by a corre- 
sponding' increase in effectiveness on the down aileron. 

0.40c a—Balance Aileron with Low Elnge Axes 

The characteristics of two -0. 4 03^— balance ailerons 
having low hinge axes are sho^rn in figures 22 and 23. 
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The characterlet los of some additional modlf loatlons are 
Inoluded in figures 24 to 29, whloli show the effect of 
hlnge—axift looatton. 

She hlQga-<axl8 location had rexy little effect on 
the variation of hinge— moment coefficient vlth angle of 
attack when the flap was retracted (fig. 24) hut, vlth 
the flap deflected 5.0° (fig. 26), the ailerons vlth lev 
hinge axes shoved a greater tendency tovard positive 
values of dO^/da for angles of attack helov 8°. In 

general) It can he said that the change In vertical posi- 
tion of the hinge axis had little effect on any of the 
character 1st loB . 7or most of the nose modifications the 
'ailerons vlth lov hinge axes seemed to retain their ef- 
fectiveness to slightly higher positive deflections and 
to lose their effectiveness at slightly lover negative 
deflections. [Dhere was a corresponding shift in the 
values of 6^ at which the breaks In the hinge— moment 

curves occurred. At high angles of attack the aileron 
with a gap of 0.005c, medixim nose radii, and lov hinge - 
axis (figs. 26 and 27) gave considerably higher effec— 
tlveneos for negative deflections and only slightly less 
ef f ect ivoness for positive deflections than the same ai- 
leron vlth a mean hinge axis, but this tendency was not 
evident for the ailerons with sealed or 0.005c gap and 
vlth large nose radii. (See figs, 28 and 29.) 



Effect of Salance Ohord 

The effect of the balance chord TS-\j on tho oharac^ 

terlstico of the blunt— nose ailerons with medium nose 
radii and mean hinge axes are shown in figure 30. Some 
of the more important effects of balance are sujomarised 
for several of the ailerons in figure 31, Increasing the 
balance chord vas more effective in decreasing the slope 
of the hinge— moment curve fox ailerons vlth 0.006c gaps 
than for ailerons with sealed gaps. IThe increment of 
rolling-moment coefficient produced by aileron deflections 
of ±15° vas Increased as the balance chord vas l|Lcreased 
for both medium and large nose radii and O.OOSo and sealed 
gaps. She effectiveness of th? ailerons vlth 0,005c gaps 
increased more rapidly vlth balance chord than did the 
effectiveness of the ailerons vith sealed gaps. 
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Peak Press-ares 

Local dynamic presaures v^re determined at various 
positions over the noses of some of the ailerons, and the 
results are presented in figures 32 to 35 In terms of the 
ratio of the local dynamic pressure to the free— stream 
dynamic pressure. In each case an attempt was made to 
seloct positions as near as poBSilile to the point at which 
the peak prestiure could he expected to occur. The peak 
pressure for a given RpanWise position on a given aileron 
seemed to depend principally on the aileron deflection, 
being practically independent of angle of attack until the 
occurrence of local stalling over the aileron nose. Ihe 
peak pressures at the inhoard and- outboard sections were 
very nearly the some for a given aileron deflection ex- 
cept during a condition of partial aileron— nose stall, as 
in figures 33(c) and 33(d). The presaures on the lower 
surface of each of the ailerons were generally somewhat 
lower than the pressures on the upper surface. Sealing 
the gap seemed to have little effect on the peak pressure 
on either surface. 

5?he ratio of the peak dynamic pressure to the free- 
stream dynamic presoure q^ax/^o plotted against 

aileron deflection for the three nose— radius modifications 
in figure 86. At aileron deflections of 15° the ratio 
g,jjjp^/(^g at the inboard section ranges from 3.65 for the 

Ifirce nose rudll to 3.0<? for the small nose radii; these 
values correspond, respectively, to local velocities of 
1.63 and 1.74 times the velocity of the free stream. She 
penk presnures over the nose of the aileron with mediujn 
nose radii are only slightly higher than the peak pres- 
sures, over the aileron with large nose radii. 

-Because the peak pressures were relatively high for 
all the modifications tested, it. is probable that the ef- 
fects of compressibility will be severe at high speeds. 
It is recommended that blunt— nose ailerons be' tested at 
Mach punbora considerably higher than the Hach n-iimber of 
the test data herein presented befor.e. they are considered 
for use on high— speed airplanes. 



Estimated Hates of Roll and Stick forces 

The rates of roll and the stick forces during steady 
rolling of the airplane, shown in figure 4, have been 
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■ ■ 1 ' ■ 

eatlmdte.a. from the data o£ flgtLres 7,- 10,. 11, 16, 17, 22, 
a2Ld.'23. '.~Ilie'Tateb'^of r pll'w.er.e'.- eat Imut 6'd 'bymeanv- of -the 
relationahlp . ■ - ■ - 



27 " Oi.', 



(1) 



where the coefficient-. pf damplng'ln roll' 0)'^ y^s taken-. 

aa 0.46 froi;^ the data. of. reference 6. ft haa Treen ' aaaiuned 
that the r.udULsr will "be uaed to oounteract the y'aw'ing 
moment, that the all.eron— operating mechanlam le none'las— 
tlo, and that the wing will not twlat. Xhe atlok fopces- 
were estimated from the relationship 




which may. he derived from the aileron dlmenalona and the 
following airplane character let lea : 

Wing area, aquare feet 260 

Span, feet '^^ 

lapor ratio ^ ....... . 1;67:1 

Airfoil section (haalc) ........ 'HAGA 230 aeries 

Mean aerodynamic chords Inches 84.14 

Velght , pounds ' 7063 

Vlng loading, pounds per -square foot . .■ 27.2 

Stick length, feet , i - 2 

Maximum stick deflection, Be', .degrees . . .' , '. . ' - ±21 

The value of. the constant In equation (2)' is' 'dependent- 
upon the wing loading, the slse-of the aileronsj and the 
length of the stick. Ihe values of d.fig^'/d.Qg in. equation 

(2) may he jde-tormlned from the max-fmum stick deflection ' 
of ±21 and. fvom. the maxlmiim uileron -deTleot Ions noted on 
the figures showing the 'computed r eoult b i; for a given 9.1—' 
leron dS^/dOg la assru^ed constant. The val--ae's Of Cj' 

and AG^ used in -. ea.'^L'ct ions (l) and .( 2-) - ar e ' the values 

computed for u.he bo.ndl-tion of stea^? rdll;- tho difference 
in angle of a-ctack ot the two a'-ler-ons fui to rolling has 
been ts.ken into aocjimt. Jill 'ulio ailerons were ass-umed 
to deflect equally up and down with maximum deflections 
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Bufflcleat- to produce ■p'b/'ST * 0.09 ' at " high- Bpe-ed, wklch 
vould -allow- for a SO^percent loss due to 'calile e.tretoh 
and wing twist for the nonrigld airplane and stllT pro- 
vide pb/SV = 0.07 (the minimum requirement stated in 
reference 6). 

Stlclc—foroe charaoterlst los of the 0. SO'Cg^-T-balance 

aileron with 0.005c gap and medliun and large nose radii 
are presented in figure 37. Stick— force characteristics 
for the 0«'407fa,— halanoe aileron -with 0.005c gap and medium 

and lar^e nose radii are presented in figure 3B f or the 
mean' hlng&-axls -locat Ion ..and in.fig7:sre 38 for the low ■ 
hlng»-axfs Ideation.. ■ Bo e!Pmput:atlonB- were ma-de for the 
dllerons .with amall .nose radii ■hecg.use the aileron nqa.e 
was nearly stalled at the .def lect-loijis required for the 
small aileron used In these tests. Tor all oases shown 
in figures 37 to 39 Increasing the nose radii increased 
'the stick forces an^ the' aileron deflection required to 
attain a given ph/ST. In general deflecting the flap 
increased the aileron ef f ect iTeness . Vith the 0.407a~ 

haldnoe aileron, lowering the- hinge' aicia decreased' the 
high-speed stick f of cds f oi:- the ^medium nose radii and' in- 
creased the high-speed stick forces for the large nose 
radii. . ■ . _ " 



A- comparison of > the- stick-^f or ce- charaoteristlas of 
the plain sealed- aileron- and- the'' three .'b6J.«inoed allaJrons 
wlth'0-.005c gaps- and- medium' AbsB radii- Is given in fi^re 
40. As shown hy the- curves of- figure 40, the upe of " 
' 0.40^a~^^^^^^^' ailerons .'will rfdube the maximum 

hlgh~8pe'ed' stick' f 'or'ceB to' a'bout; 15 percent.' of- thos-e' ex- 
perienced 'in' the use of plain sealed ailerons. -Ihere-was 
no .indication, 'that the use of blunt— nose ailerons would 
cause overhaliance at low speeds.-' ' Ih'e small reduction in 
stick Tforce. produced by thb 0. 30ioQ^' "balance as compared 

with the red.uptlon caused, by the 0*. 407^0^ balance may )S.e 
attributed to the larger r«te of change of with 

balance chord for the larger balance and also to the fact 
that the 0 . 307 balance aileron with 0.005c gap was I:ess 

eff-ective than both the plain sealed aileron and th.e 
0>40ca;-balai^ce aileron with 0.005o gap. Had all three 

ailerons been sealed, the difference in balance effetH 
'ti-veuess would have been smaller. 
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OOUOLTrSIOSS 



Trom the reaulte of the teste and oomputat lone here- 
in reported, in which the effects of oompr esalhillty, 
tur'bulenoe, and scale hare heen neglected, the following 
conclualona may be drawn: 

1. For the arrangeinent tested, the uae of hlunt— nose 
ailerons with 40— percent halance and medium nose rtidll 
would reduce the high— speed stick forces to a'bout 15 per- 
cent of those experienced In the use of plain sealed 
ailerons* 

2. Increasing the balance chord Increased the ai- 
leron ef f ect-lveneaa slightly and reduced the adveroe ef— 
fecta of a gap at the aileron noae, 

3.. Increasing the nose radii decreased the aileron 
effectiveness for siiiall deflections but Increased the 
effectiveness at large deflections and e::tended the de- 
flection range over which the ailerons maintained their 
effect Iveness . 



4. Incroasing the nose radii Increased the negative 
slope ox' the curves of .hlnge^moment coefficient plotted 
against aileron deflection but, at the same time, extended 
the deflection range over which the slope was relatively 
siaall . 

5. Changing the position of the hinge axis from the 
aileron mean line to a position near the lover surface of 
the aileron had comparatively 1 ittlo -effect on the ai- 
leron oharacterlatloa . 

6. !Dhe peak preasures over the nosQS of the blunt- 
nose ailerons were relatively high at moderate deflections. 



Langley Uemorial Aeronautical Laboratory, 

ITatlonal Advisory Committee for Aeronautics, 
Langley Tleld, 7a. 
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TABLE I 
0RDINATE3 FOR AIRFOIL 




Model 


wing station 0 


Station 


Upper 
surface 


Lower 
surface 


0 


0 


0 


1.25 


3.48 


-1.60 


2.5 


4.61 


-2.36 


5 


6.10 


-3.21 


7.5 


7.14 


-3.82 


10 


7.89 


-4.33 


15 


8.80 


-5.12 


20 


9.22 


-5.71 


25 


9.40 


-6.10 


30 


9.37 


-6.28 


40 


8.90 


-6.23 


50 


8.02 


-5.78 


60 


6.85 


-5.05 


70 . 


5.44 


-4.10 


80 


3.87 


-2.97 


90 


2.12 


-1.67 


95 


1.16 


-.94 


100 


rl8 


-.16 


100.73 


.03 


r.b3 


L.E. radius: 2.65. Slope 
of radius through end of 
chord: 0.305 



Model wing station 88.8 


Station 


Upper 


Lower 


surface 


surface 


0 


0 


0 


1.25 


1.89 


-.84 


2.5 


2.65 


-1.07 


5 


3.70 


-1.26 


7.5 


. 4.45 


-1.40 


10 


4.98 


-1.52 


15 


5.54 


-1.86 


20 • 


5.73 


-2.22 


25 


5.77 


-2.46 


30 


5.71 


-2.62 


40 


5.36 


-2.70 


50 


4.78 


-2.56 


60 


4.06 


-2.27 


70 


3.21 


-1.87 


80 


2.26 


-1.36 


90 


1.22 


-.78 


95 


.70 


-.46 


100 


.18 


-.14 


101.2 


.05 


■ -.05 


L.E. radius: 0.70. ' Slope 


of radius 


through end of 


chord: 0 


.305 ■ 
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TABLE II » 

ORDIKATSS FOR FLAP AND SLOT SHAPES 

jSpanwise stations in inches from root section. 
Chord stations and ordinates in percent of basic 

wing chord C]_J 



c To L£ 



0.3 in. 




A to L£. 



Flap Stations 



Model 


v/ing station 0 




Model wing station 88.8 


Station 


Upper 


Lower 




Station 


Upper 


Lower 




surface 


surface 






surface 


surface 


0 


-1.29 


-1.29 




0 


-0.76 


-0.76 


.52 


-.08 


-2.30 




.53 


.01 


-1.16 


1.04 


.48 


-2.50 




1.06 


.36 


-1.23 


2.07 


1.29 


-2.60 




2.12 


.80 


-1.22 


4.15 


2.17 


-2.44 




4.24 


1.30 


-1.10 


6.22 


2.53 


-2.18 




6.36 


1.42 


-.99 


8.29 


2.40 


-1.91 




,8.48 


1.35 


-.87 


12.44 


1.65 


-1.32 




12.72 


.93 


-.62 


16.58 


.85 


-.69 




16.96 


.51 


-.32 


20.72 


.03 


-.03 




21.20 


,05 


-.05 


L.E. 


radius: 1.19 




L.E. radius: 0.32 



Slot 





station 0 


Station 88.8 




5.3 


5.1 


R2 


2 


2 


X 


85 


83.3 


y 


2.5 


3.3 



Flap Pivot Point 





Station 0 


Station 88.8 


A 


85.8 


84 


B 


7.7 


8 




Figure / .- -Schematic diagram of t^st installation . 
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Figure 2. "Schemotic diagram of ftie torque -rod assembly 
for measuring aileron hinge momenls. 
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Figure 3 .- Serni<span model of tapered v^ing. 
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Figure 5.- The various O.I55rs~ by a 405 b/2 ailerons tested 
on the tapered- wing model. 
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Figure 6.- Comparison of the iiff, drag, and pifciiing-nr)omenf 
character isf ICS of t/?e tapered- wing noodei with plain 
aiterons and with 0.40 Cq- batance ailerons hoiking targe 
nose radii and mean hinge- axis locations^ 8o,0\ 




Aileron def leer ion , 6q ,cleg 



F/gure Ti-Choracferi^f/cs of the plain aileron on Ihe 
tapered- Wing nnodel. Sf^O". 
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Ftg. 8 
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Aileron def/^cfJon, Sq, deg 

nose radii\mediumi 6f, 0" . a, /3.3\ 
Figured.- Effect of type of seal on the characteristics 
of a 0.40 €q- balance blunt- no<se aileron on the taperedr 
wing model. Hinge -axis I oca t ion ^ mean. 
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Aileron deflection , 6q , deg 

Figure 9.- Characteristics of a 0.30 Cq- balance blunt- nose 
aileron on the tapered -wing model. Nose radii, small ^ Sf,0\ 
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A ileron def/eciion , Sa , deg 
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Figure 10.- Choracten'stics of a 0.30 Cq- balance blunf-nose 
aileron on the tapered -m'ng model, t^ose radii, medium-^ 
gap, 0.005c. 




Aileron def/ecfion , Sq , deg 
(b) 6f'50\ 

Figure /O.- Concluded. 



NACA Fig. 1 1 
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Aileron def/ecfion , 6q , deg 

Figure 1 1.- Characteri^fica of a 030 Cq- bo lance blunt- nose 
aileron on the tapered - wing model. Nose radii, large 
gap, 0.005c ; 6f,0\ 
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Angle of aHack , oc, deg 

(a) Gap, 0.005c. 

(b) Gap, sea fed. 

Figure /8.- Effect of nose radius on fhe variation of hinge- 
moment coefficient witt) angle of attack for a 0.30 ff^ - 
balance blunt- nose aiferon on the tapered- wing model 
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Figure 13,- Effecf of nose radius on fhe characteristics 
of a 0.30 Cq- balance blunt- nose aileron on the tapered- 
wing model, Gap,0W5c Sf,0\ 
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Figure 13 - Concluded. 
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F/gure 14.- Effect of nose radius on the characteristics 
of a 0.30 Zq - balance blunt- nose aileron on the tape red- 
wing model. Gap, sealed-^ ^f.O". 
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(b) a= I3.3\ 

Ftgure 14 - Concluded. 
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Figure I5r Characferistics of a 0.40 Cq- balance blunt- nose 
aileron on the the tapered- wing model. Hinge - axis 
location, mean-, nose 'radii, small \ Sf^O". 
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Figure /6.- Characlerisfics of a 0.40 €a-dalance blunt- nose 
aileron on the tapered- wing model. Hinge - ar/5 
location, mean-, nose radii, medium', gap, 0.005c. 
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Figure 16.- Concluded. 
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Figure 17. - Characteristics of a OAOcq- balance blunt - nose 
aileron on the tapered- wing model. Hinge - axis 
location, mean-, nose radii, large-, gap, 0.005c Sf, 0°. 
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Angle of afi-ock^<x, deg 
(o) Gap, 0,005c. 
(b) Gap ^ sealed. 
Figure IS.- Effect of nose radium on the variation of hinge- 
moment coefficient w/tti angle of attack for a 0.40 Cq 
balance blunt- nose aileron on the tapered- wing model. 
Hinge -axis location, mean-, <S'f,0''i Sq,0\ 
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Fig. 19a 




:S -2S -20 -15 -10 '-5 0 5 10 15 20 25 
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Figure 19, - Effect of nose radiud on the Characteri^fics 
of a 0.40 €q- balance blunt- nose aileron on the tape red- 
wing model. H/nge-axis location, mean-, gap^ 0.005c Sf.O". 
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Figure 19- Concluded. 
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Figure ^O. - Effecf of nose radius on the characlerisfics 
of a 0,40 ^Q-ba/a nee blunt- nose aileron on the tapered- 
wing model. H/nge- axis location, mean-, gap, sealed^Sf^C 
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Figure 20.- Concluded, 




:^ -as -20 -16 -10 -5 0 5 10 15 20 25 
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Figure 21 - Effect of gap on the cliaracterisfics of a 



0.40 Cq - balance blunt- nose aileron on the tapered- wing 
noodel. Hinge- axis location, mean} nose rad/i^ medium-, 6f,0\ 




Aileron deHecfion, Sq , deg 
(b) oc = JS.S". 

Figure €1- Concluded. 




^ -25 -aO -15 -70 -5 0 5 /0 /5 20 2S 
Aileron def/ect/on, Sq, deg 

Co) Sf = o: 

Figure 2 E.- Characteristics of a 0.40 Cq- t)ala nee btunf-nose 



ai/eron on ft)e tapered- w/ng mode/. Hinge- axis 
/ocat/on.^ hW', nose rad/i , medium gap, 0.005c. 
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:^ '^5 -eo -15 -10 -5 0 5 10 15 20 25 

Aileron def/ecf/on, 6q, oleg 
(b) 6f'50\ 
Figure t^.- Concluded. 
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Aileron def/ecf/on , Sq , deg 
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Figure E3- Characteristics of a 0.40 SQ-ba/ance blunt-nose 
aileron on the fopered- wing model. Hinge - axis 
location, low-, nose radii, large-, gap, 0.005 C; 6f^0°. 
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Angle of aii-ack, oc, deg 
(o) Nose radii, medium . 
(b)Nose radii, large. 
Figure ^4.- Effect of hinge -axis location on tlie variation 
of hinge- moment coefficient with angle of attack 
for a 0.40 €a' balance blunt- nose aileron on the 
tapered -wing model. Ga p, 0.005c Sf.O"; Sq.O". 
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Angle of attack , oc, deg 
(a) Nose radii, medium, 
ih) No6e radii, large. 
Figure 25 Effect of hfnge- axis location on ttie variafion 
of fiinge- moment coefficient with angle of attack 
for a 0,40 Ca -balance blunt- nose aileron on tlie 
tapered- wing nnodeL G a py 0.005c \ Sf ,50] So ,0". 
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'25 -20 -15 -10 -5 0 5 /0 /5 
Aileron def/ecfion, 6q , deg 
{a} Gap, 0.005c . 
Figure 26 - Effect of hinge-axis /oca f ion on fhe 
characterisfics of a 0.4O Cq- balance b/unf- no^se 
aileron on the tape red -wing model. Afose radii ^ 
medium • 6/, 0'. 
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^ :^ -25 -20 -15 -10 -5 0 5 10 /5 20 25 

Aileron deflecfion , 6q , o/eg 
(b) Gap .sealed. 

Figure ^6,- Conc/uded, 




:S -25 -£0 -15 -fO -5 0 5/0 !5 £0 25 

Aileron def/ecfion , 6q , deg ' 



Figure 27.- Effect of hinge-axis locafion on the 
characteristics of a 0.40 Cq- balance b/unt-nose 
aileron on the fapered- wing model. Nose - radii ^ 
meol/um-, gap, 0.005c Sf,50''. 




^ ^5 -as -£0 -/5 -/O -5 0 5 10 15 20 25 

Aileron deflection, 6q .deg 
Co) Gap, O.O05C. 
Figure 26,- Effect of h/nge -axis location on the 
characteristics of a 0.40 dQ-tta/ance blufuM^me 
aileron on fhe fapered-wing model . A/ose radfi, 
large ,• <5>r, O'. 
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Aileron def/ecfion, 6q ,deg 
fb) Sap, sealed. 
Figure 28. - Concluded . 
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-25 -20 '16 -10 -5 0 5 10 15 20 25 
Aileron def/ecNon , Sq , deg 
(a) 6a 0.005c. 
Figure 29.- Effect of h/nge-axf 5 I oca h' on on the 
characteristics of a 0.40 ^q- balance b/unt-nose 
aileron on the tapered- wing model, A/ose radii ^ 
large ; <5)r, 50'. 




-15 -10 -5 0 5 10 15 
Aileron deflection , Sfj , cfeg 
(ti Gap, sealed. 

Figure 29. - Concluded. 




-es -20 -15 -10 -5 0 5 10 /5 20 25 
Aileron deflect ton , Sq , deg 
(a) Gap ,0.005 c. 
Figure 30.- Effect of balance chord onfhe characteristics 
of blunt' nose ailerons on the tapered- wing model, 
f-finge-axis location, mean-, nose radii, medium-, Sfj0\ 
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0^ 5 -^5 -^0 '15 -10 -5 0 5 10 /5 BO 85 

Aileron deflection, 6q , deg 
(b) Gap, sealed. 
Figure 30.- Concluded. 



NACA 



a 



o 

II 



o 

r-t 



.ooe 

0 

-ooe 

-004 

-006 

-.006 
.05 

.04 




Fiq. 31 



^Q' .03 
for 6 a-'^ 15" 

.oe 

.01 
0 



^ Chord line 

\^ Large radius — | 1 \ — Sq 



s ^Medium radius 
^Small radius 




- 0.005.C 




- Afediunn. 



.^__^-r.11^^^__^_^ Large .... 



r I 
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Aileron balance ratio 5^Cq 

rigure 31,- Ef feci of balance chord and nose radius on the 
hi nge - momenf and effectiveness parameters for 
hlunt- nose ailerons on ttie tap erect- *ying model. 
Hinge- axis local ion, means Sf,0'iCc,0.r, 




D is fa nee /ra/n hinqe line, in. 
(a) oc - 0". (b) (X = 4\ 

Figure 32.- Effecf of aileron def led i at) on the dynamic pressures over the 
nose of a 0.40 Cq- balance blunf nose aileron on ihe tapered- wing model. 
Hinge -axis I oca I ion, /nean ■ noje raJ/ i , large gap, 0.005 C-, Sf,(T. 




Distance from hinge line, in. 
(a) a =-4", fb) oc-O'. 

figure 33.- Effect of aileron deflection on the dynamic pressures over the 
nose of a OAOCq' balance blunf-nose aileron on the tapered- wing model, 
Hinge-axi^ location, mean-, noje radii, medium-, gap, 0.005c 6f ,0\ 
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Distance from hinge fine, in. 
(c) a - 4°. (d) oc=8'. 

Figure 33.- Concluded, 




Distance frwtn hinge I /no , in. 
(a) oc = 0°. fib) oc = 4". 

figure 34r Effect of aileron del lection on t t)c dynatr)ic pressures oi^er the 
nose of a 0.40 c^- balance blunt noi,e a/leron on the tapered- wing model, 
twinge -axis location, mean- no.^c radii, inediutn gap^ seated-, 6f,0\ 
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Figure 35 r Effect of aileron deflection or) the 
dynamic pressures over the nose of a 0.40c,j 
ba lance btunt -nose aileron on fhe rape red- 
wing model. Hinge - axis location^ mean-, 
nose radii, small-, gap, 0.005c- Of/J"-, aJJ". 
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Figure 36.- Effect of nose radius on fhe peak 

dynamic pressures over the nose of a 0.40c^ 
balance blunt- nose aileron on fhe tapered- 
yviuLji mode/. Hinge-axis location, ~" 
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0 .01 .02 .03 .04 .05 , .06 .07 .08 .09 .10 .// 

(a) Sf.O". 

(b) Sf.^O"', nose rad/i, med/um- maKimam 6q, - /6.3! 
Figure 37.' Sflck'force characteristics of 0.30 — 

ba/ance blunt- nose ailerons on the tapered 
wing. Gap, 0.00^ c. 



NACA 



Fig. 38 




0 .01 .02 .03 .04 .05 .06 .07 .08 .09 .10 .11 

Pby^y 

(a) 8f,o: 

(b) Sf,50°\ nose radii, medium; maximum 6q, ^ 16.3". 
Figure 38 - Sh'ck- force characteristics- of 0.40 Cq- 

balance blunt- nose ailerons on the tapered 
wing. Hinge-axis location, nnean \ gap^ 0.005c. 
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(a) Sf, 0°. 

(b) 6f, J0°; nose radii , medium-, maximum 6q , ^ /J.S". 
Figure 39.- Stick - force ct)aracterisfics of a 0.40 Cq- 

balance blunt- nose ailerons on the tapered 
wing. Hinge -ax is location , low gap, 0.005c. 
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(a) Vi = ^50 miles per hour, 

(b) Vi « too miles per hour. 
Figure 40.- Comparison of the stick- force characteristics 

of the various blunt- nose ailerons on the tapered 
wing. Nose radii, medium-, 6f,0\ 
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